The prevalence and energetics of quasar feedback is a major unresolved problem in galaxy formation theory. In this paper, we present Gemini Integral Field Unit observations of ionized gas around eleven luminous, obscured, radio-quiet quasars at z ∼ 0.5 out to ∼ 15 kpc from the quasar; specifically, we measure the kinematics and morphology of [O iii]λ5007Å emission. The round morphologies of the nebulae and the large line-of-sight velocity widths (with velocities containing 80% of the emission as high as 10 3 km s −1 ) combined with relatively small velocity difference across them (from 90 to 520 km s −1 ) point toward wide-angle quasi-spherical outflows. We use the observed velocity widths to estimate a median outflow velocity of 760 km s −1 , similar to or above the escape velocities from the host galaxies. The line-of-sight velocity dispersion declines slightly toward outer parts of the nebulae (by 3% per kpc on average). The majority of nebulae show blueshifted excesses in their line profiles across most of their extents, signifying gas outflows. For the median outflow velocity, we finḋ E kin between 4 × 10 44 and 3 × 10 45 erg s −1 andṀ between 2 × 10 3 and 2 × 10 4 M ⊙ yr −1 . These values are large enough for the observed quasar winds to have a significant impact on their host galaxies. The median rate of converting bolometric luminosity to kinetic energy of ionized gas clouds is ∼2%. We report four new candidates for "super-bubbles" -outflows that may have broken out of the denser regions of the host galaxy.
INTRODUCTION
One of the most fascinating astronomical discoveries of the last several decades is the gradual realization that almost every massive galaxy, including our own Milky Way, contains a supermassive black hole in its center (Magorrian et al. 1998) . Several lines of evidence suggest that there is a fundamental connection between the black holes residing in galaxy centers and formation and evolution of their host galaxies. One such observation is the tight correlation between black hole masses and the velocity dispersions and masses of their host bulges (Gebhardt et al. 2000; Ferrarese & Merritt 2000; Tremaine et al. 2002; Marconi & Hunt 2003; Häring & Rix 2004; Gültekin et al. 2009; McConnell et al. 2011) . Another is the close similarity of the black hole accretion ⋆ E-mail: liu@pha.jhu.edu † E-mail: zakamska@pha.jhu.edu history and the star formation history over the life-time of the universe (Boyle & Terlevich 1998) . In addition to these observations, modern galaxy formation theory strongly suggests that black hole activity has a controlling effect on shaping the global properties of the host galaxies (Tabor & Binney 1993; Silk & Rees 1998; Springel et al. 2005) . This is especially true for the most massive galaxies, whose numbers decline much more rapidly with luminosity than the predictions of large-scale dark matter simulations would suggest. One possibility is that the energy output of the black hole in its most active ("quasar") phase may be somehow coupled to the gas from which the stars form. If the quasar launches a wind that entrains and removes gas from the galaxy or reheats the gas, then it can shut off star formation in its host (Thoul & Weinberg 1995; Croton et al. 2006) . Thus, quasars could be instrumental in limiting the maximal mass of galaxies.
In recent years, this type of feedback from accreting black holes has become a key element in modeling galaxy evolution c 2013 RAS (Hopkins et al. 2006) . Feedback can in principle explain galaxy vs. black hole correlations and the lack of overly massive blue galaxies in the local universe. As significant as these achievements are, it has been challenging to find direct observational evidence of black hole vs. galaxy self-regulation and to obtain measurements of feedback energetics. Direct and indirect evidence for powerful quasardriven winds started emerging, both for radio-quiet (Arav et al. 2008; Moe et al. 2009; Dunn et al. 2010; Alexander et al. 2010) and radio-loud objects (Nesvadba et al. 2006 (Nesvadba et al. , 2008 at low and high redshifts.
In the last several years, we have undertaken an observational campaign to map out the kinematics of the ionized gas around luminous obscured quasars (Zakamska et al. 2003; Reyes et al. 2008) using Magellan, Gemini and other facilities in search of signatures of quasar-driven winds (Greene et al. , 2011 (Greene et al. , 2012 Liu et al. 2013; Hainline et al. 2013) . In our observations, we are focusing on the most powerful quasars likely associated with the most massive galaxies, where feedback effects are expected to be strongest, and we use the observational advantages provided by circumnuclear obscuration to maximize sensitivity to faint extended emission associated with quasar feedback.
In December 2010, we obtained Gemini-North Multi-Object Spectrograph (GMOS-N) Integral Field Unit (IFU) observations of a sample of obscured luminous quasars at z ∼ 0.5. In the first paper describing our results (Liu et al. 2013 , hereafter Paper I), we present the analysis of the extents and morphologies of the narrow emission line regions of these quasars. We spatially resolve emission line nebulae in every case and find that the [O iii] line emission from gas photo-ionized by the hidden quasar is detected out to 14±4 kpc from the center of the galaxy. Ionized gas nebulae around radio-quiet obscured quasars display regular smooth morphologies, in marked contrast to nebulae around radio-loud quasars of similar line luminosities which tend to be significantly more elongated and/or lumpy. Surprisingly, no pronounced biconical structures, expected in a simple quasar illumination model, are detected.
In this paper, we analyze the kinematics of the ionized gas nebulae around these quasars. In Section 2 we describe observations and modeling of line kinematics. In Section 3, we present kinematic measurements of the ionized gas emission, in Section 4 we discuss kinematic models and structure of quasar winds, in Section 5 we present super-bubble candidates, in Section 6 we derive the kinetic energy of observed winds, and we summarize in Section 7. As in Paper I, we adopt a h=0.71, Ω m =0.27, Ω Λ =0.73 cosmology throughout this paper; objects are identified as SDSS Jhhmmss.ss+ddmmss.s in Table 1 and 2 and are shortened to SDSS Jhhmm+ddmm elsewhere; and the rest-frame wavelengths of the emission lines are given in air.
DATA AND LINE PROFILE FITS

Sample and observations
The sample presented in this paper consists of eleven radio-quiet obscured quasars at z ∼ 0.5 selected to be among the most [O iii]λ5007-luminous objects in the catalog by Reyes et al. (2008) . These sources were originally identified based on their optical spectroscopic properties. Their permitted emission lines have widths similar to those of forbidden lines, their integrated [O iii]λ5007/Hβ ratios tend to be high (∼10), they routinely show high-ionization lines such as [NeV] λλ3346, 3426 and they do not show the characteristic blue continuum of unobscured quasars (Zakamska et al. 2003; Reyes et al. 2008) . These properties are classical signatures of obscured active galactic nuclei (Antonucci 1993) and lead us to conclude that the emission-line region is illuminated by a quasar-like spectrum rich in ultra-violet and X-ray photons, but the continuum-emitting and broad-line regions of these objects are not directly seen. Multi-wavelength observations of the objects in this sample confirms their nature as intrinsically luminous quasars (L bol 10 46 erg s −1 at the [O iii] luminosities probed in this paper, Liu et al. 2009 ) with large amounts of circumnuclear obscuration along the line of sight (Zakamska et al. 2004 (Zakamska et al. , 2005 (Zakamska et al. , 2006 (Zakamska et al. , 2008 Jia et al. 2012) . Such obscured objects may constitute half or more of the entire quasar population at all redshifts and luminosities (Reyes et al. 2008; Lawrence & Elvis 2010) .
Radio-quiet candidates (those without powerful jets) are selected based on their radio luminosities and positions in the [O iii]-radio luminosity diagram (Xu et al. 1999; Zakamska et al. 2004; Lal & Ho 2010) . We further supplement our sample with one radiointermediate and two radio-loud objects that we use as a comparison sample in combination with other radio-loud sources from the literature, both at low (Fu & Stockton 2009 ) and at high redshifts (Nesvadba et al. 2008) .
We use GMOS on Gemini-North in the 2-slit IFU mode with a field of view of 5 ′′ ×7 ′′ and with typical on-source exposure times of 60 minutes to obtain spatially resolved spectroscopic observations with r.m.s. surface brightness sensitivity 1.1-2.2 ×10 −17 erg s −1 cm −2 arcsec −2 . The average seeing of 0.4 ′′ -0.7 ′′ corresponds to a linear resolution of ∼3 kpc at the redshifts of our sample. Data reductions are performed using the IRAF-based standard GMOS pipeline. Spectro-photometric calibrations are performed off of Sloan Digital Sky Survey (SDSS) data and are likely good to 5% or better (Adelman-McCarthy et al. 2008) . Further details of sample selection and data reductions are given in Paper I.
As the width of our observed [O iii] line is always well above the instrumental resolution (full width at half maximum of unresolved sky lines is FWHM= 137±12 km s −1 ), the velocity structure of our objects is well resolved. Because line profiles are strongly non-Gaussian and in most cases are much broader than the spectral resolution, we do not correct the observed profiles for instrumental effects and report all values as measured. For a typical line profile in our sample, the velocity range containing 80% of line power is W 80 500 km s −1 , and instrumental broadening results in a 4% increase in the W 80 measurement.
Multi-Component Gaussian Fitting
At each position in the field of view, the velocity structure of the [O iii]λ5007Å emission line is generally complicated, presumably because of the existence of multiple moving gas components whose 3-dimensional velocities are then projected onto the line of sight. To measure the centroid velocity and velocity dispersion of these components for our physical analysis, we fit a combination of multiple Gaussians to the [O iii ] line profile on a fixed wavelength range of the spectrum in each spatial element (spaxel) using the IDL package mpfit developed by Markwardt (2009) . The purpose of these fits is merely to realistically represent the velocity profiles, so that the effect of noise is minimized when we perform non-parametric measurements (cf. Section 2.3).
Despite the complexity of velocity profiles, we find that for every source in our sample, the [O iii] line in the overwhelming majority of the spectra can be fitted by a combination of no more than 3 Gaussians, resulting in minimized reduced χ 2 values that satisfy χ 2 /ν < 2 (where ν is the number of degrees of freedom) ex- Liu et al. (2013) . (5) Semi-major axis (in kpc) of the best-fit ellipse which encloses pixels with S /N 5 in the [O iii]λ5007Å line map, from Liu et al. (2013) . (6) Maximum difference in the median velocity map (cf. Figure 3 ), in km s −1 . For each object, the 5% tails on either side of the velocity distribution are excluded for determination of ∆v max to minimize the effect of the noise. cept for sporadic problematic spaxels. As an example, we show the reduced χ 2 maps of one of our objects for single, double and triple Gaussian fits in Figure 1 . The number of degrees of freedom ν is the same in all the spaxels of each panel because the wavelength is evenly sampled. Fits with three Gaussians are sufficient to achieve a uniform reduced χ 2 map without any correlated residuals.
If a spectrum can be reasonably fitted using only one or two Gaussian components, we prefer the smallest possible number to avoid over-fitting. Our quantitative comparison of the fitting quality is based on p-values. The p-value for x 0 , denoted p(x 0 , ν), is the probability that a random variable x drawn from the χ 2 distribution satisfies x x 0 , and is therefore the probability that the discrepancy between the data and the best-fit model is purely accidental.
To determine whether M or N Gaussians (for M > N) should be used, we calculate the p-values (p M and p N ) that the minimized χ 2 -value and ν correspond to, respectively. We then choose a threshold of 0.01, which is a widely used fiducial criterion of significance level for hypothesis testing in statistics. In the case of p M 0.01, the data are relatively easy to fit. Thus, we neglect the 0.01 difference and adopt the smaller N as long as p M − p N < 0.01. If p M < 0.01, the data are more difficult to fit, therefore we have stronger inclination to adopting M components, and adopt N only if p M < p N .
In general, p M > p N holds because an increased number of parameters improves the fits, but p M < p N may occur when the line has multiple features due to the signal and / or the noise, in which case the M-and N-Gaussian fits may trace different (real or false) features and lead to various results. The result of this procedure for SDSS J0841+2042 is shown in Figure 1 , where the pixel value denotes the number of Gaussians we adopt at each position. As revealed by this figure, the bright central area generally requires three Gaussians, while the outer faint regions often prefer fewer components. In Figure 2 , we show example spectra that are fitted by 3 Gaussian components.
Non-Parametric measurements
Conventionally, non-parametric measurements of emission line profiles are carried out either by measuring velocities at various fixed fractions of the peak intensity (Heckman et al. 1981 ; full width at half maximum is the standard example), or by measuring velocities at which some fraction of the line flux is accumulated (Whittle 1985) . We mainly adopt the latter parametrization in this paper because its integral nature makes it relatively insensitive to the quality of the data, as pointed out by Veilleux (1991) . After each profile is fit with multiple Gaussian components, we use the fits to calculate the cumulative flux as a function of velocity:
With this definition, the total line flux is given by Φ(∞). For each spectrum, we use this definition to calculate the following quantities (related to the first, second, third and forth moments of the line-of-sight velocity distribution within the line profile):
(i) Velocity. The line-of-sight velocity is represented by the median velocity v med , i.e. the velocity that bisects the total area underneath the [O iii] emission line profile, so that Φ(v med ) = 0.5 Φ(∞).
Following Rupke & Veilleux (2013) , we also report v 02 in Example spectra in the vicinity of the [O iii]λ5007Å line in two individual spaxels, fitted by 3 Gaussian components. These spectra are from SDSS J0321+0016 and SDSS J1039+4512, respectively. The fitted line is in orange, while the blue dotted lines are the Gaussian components. The median velocity is denoted by a red dashed line, and the velocity range used for calculating W 80 is shown by a gray box. Table 1 , the velocity at 2% of the cumulative flux, meaning that 98% of the gas is less blueshifted than this value. Rupke & Veilleux (2013) use this value as a measure of the maximal outflow velocity. We evaluate both the brightness-weighted value v 02 measured from the integrated SDSS spectrum and the maximum v 02,max from the spatially resolved IFU data. To determine v 02,max for each object, we create the v 02 map for all spaxels where the [O iii]λ5007Å line has S /N 5 at its peak, reject the 5% most extreme negative values which may be contaminated by noise, and report the remaining maximum negative value.
(ii) Line width. Many different measures of velocity dispersion are possible; we are seeking one that does not discard the information contained in the broad wings of the emission lines, but at the same time is not too sensitive to the low signal-tonoise emission at high velocities. We use the velocity width that encloses 80% of the total flux W 80 , defined as the difference between the velocities at 10% and 90% of cumulative flux:
This measurement is illustrated in Figure 2 . For a purely Gaussian velocity profile, this value is determined entirely by the velocity dispersion and is close to the conventionally used full width at half maximum (FWHM):
but for non-Gaussian profiles it is more sensitive to the weak broad bases of emission lines characteristic of our sample. For example, a profile composed of two Gaussians, one with dispersion σ and another with 3σ, centered at the same velocity and with flux ratio in two components of 2:1 would have a FWHM= 2.593σ (i.e., a value only 10% above what would be measured just for the narrow component alone), but a W 80 value of 3.981σ, significantly higher than the Gaussian value.
(iii) Asymmetry. We use an asymmetry parameter defined as
This parameter is introduced by Whittle (1985) , but with the opposite sign. With our definition, a profile with a heavy blueshifted wing has a negative A value. A symmetric profile, such as a single Gaussian or a combination of multiple Gaussian components centered at the same velocity, has A = 0. This parameter is related to the standard profile skewness.
(iv) Shape parameter. The shape parameter that we use is K defined as
where FWHM is the full width at half maximum and W 90 is the velocity width that encloses 90% of the total flux,
This definition is the reciprocal of the parameter K 2 defined in Whittle (1985) . K is related to line kurtosis: for a Gaussian profile, K = 1, and profiles that have wings heavier than a Gaussian have K > 1, whereas stubby profiles with no wings have K < 1.
While it is possible to calculate these parameters directly from the observed velocity profiles, we perform these non-parametric measurements on the best-fit single/multi-Gaussian profiles instead. In this case the cumulative function is monotonically increasing and positive definite, which allows us to minimize the effect of noise, especially for faint broad wings of the emission lines. We further comment on the quality of non-parametric measurements in Section 3.3. The resulting maps of these parameters are shown for the whole sample in Figure 3 .
While stellar absorption lines provide the cleanest measure of the systemic velocity, the stellar continua of the host galaxies are too faint to detect reliably in our data or the original SDSS spectra. In the absence of accurate host redshifts, we are forced to adopt the redshifts derived from the SDSS spectroscopic pipeline and listed in Table 1 , which effectively trace the typical redshifts of the strong emission lines. If the gas motions relative to the host galaxy are of order a few hundred km s −1 , the velocities that we derive (particularly v med defined above) have absolute uncertainties of this order, although the relative changes in v med across the field of view are unaffected. The value of v 02 is in principle also subject to the uncertainty in the host redshift, but in practice these velocities tend to be so high that this uncertainty is likely negligible. All other parameters that we use (FWHM, W 80 , A and K) contain only differences in velocity from one part of the line profile to the next and are not dependent on a careful determination of the redshifts of the host galaxies.
Despite these caveats, we find that the standard SDSS redshifts determined from the ensemble of the emission lines are in fact very close to the host galaxy redshifts whenever those can be accurately determined from the stellar absorption lines . In three of the objects in this sample, we are able to tease out weak absorption features in the spectra and find that the absorption line redshifts are within 30 km s −1 of the standard SDSS ones. In Section 4 we find that the outflow velocities of the gas may reach many hundreds of km s −1 , but the outflows proceed in quasi-spherical fashion, and therefore it may not be surprising that the velocity centroids of the emission lines remain very close to the host galaxy redshifts.
KINEMATIC MAPS OF NEBULAE AROUND LUMINOUS QUASARS
Kinematic signatures of quasar winds
What observational signatures of quasar-driven winds are we looking for and are we seeing them in our sources? Numerical simulations of galaxy formation show that properties of massive galaxies are most successfully reproduced when gas is physically removed from the host galaxy by the quasar-driven wind (Springel et al. 2005; Hopkins et al. 2006; Novak et al. 2011 ). Therefore, we should look for signs that velocities of the gas are high, preferably higher than the escape velocity from the galaxy. However, quasar-driven outflows seen in these simulations proceed in a quasispherical fashion, and unfortunately, spherically symmetric outflows produce zero net line-of-sight velocity and symmetric line profiles and thus do not display any obvious kinematic signatures. Even if the outflow is not spherically symmetric, but proceeds close to the plane of the sky (as we have reason to expect in type 2 quasars which may be illuminating the gas preferentially in these directions, as opposed to toward the observer), then the net line-of-sight velocity is strongly affected by projection effects and can be close to zero. As single-fiber and long-slit spectra demonstrate, the velocity dispersion of the ionized gas in obscured quasars tends to be very high, is uncorrelated with the stellar velocity dispersion of the host galaxy and is unrelated to its rotation (Greene et al. , 2011 Villar-Martín et al. 2011; Hainline et al. 2013 ). These observations suggest that the gas is not in equilibrium with the potential of the host galaxy and may be dynamically disturbed by the quasar. But it is hard to unambiguously determine the three-dimensional geometry of gas motions just from the velocity dispersion measurements along one slit or within one fiber. Additionally, there are well-known observational degeneracies between gas outflows and inflows and rotational signatures which complicate the picture even further.
Not all extended narrow-line emission is due to the gas that has been removed from the host galaxy. Sometimes we just happen to see tidal debris or nearby small companion galaxies that are illuminated by the quasar Villar-Martín et al. 2010) , and such features do not constitute proof of quasar feedback. One good radio-quiet example is SDSS J0123+0044, where a kinematically cold tail with an extent of >100 kpc is observed in a recent merger product that shows other tidal signatures (Zakamska et al. 2006; Villar-Martín et al. 2010) . In this object, the origin of the extended ionized gas as tidal debris and the direction of quasar illumination can be determined with high confidence using detailed spectroscopic, imaging (HST) and polarimetric observations. Such data are not available for most objects in our sample, but we find that it is often possible to discriminate between feedback and other possible origins of ionized gas at large distances based on seeinglimited morphology and kinematics data.
In particular, we previously pointed out (Liu et al. 2013 ) that the nebulae in our sample are much smoother and rounder than those around radio-loud quasars in the sample of Fu & Stockton (2009) , many of which were interpreted using a model of illuminated or shocked tidal debris similar to the interpretation of SDSS J0123+0044. This pronounced morphological difference between the narrow-line regions of the radio-quiet and the radio-loud objects suggests that the origin of gas is different in these two samples. In the sections below we describe the results of our kinematic analysis of the IFU data and discuss the features that are most naturally explained by high-velocity outflows. 
Velocity fields and projection effects
The velocity fields of the [O iii] nebulae surrounding our radioquiet quasars are remarkably well organized ( Figure 3 ): typically one semi-circular part of the nebula is on average redshifted while the other one is blueshifted. These signatures can be interpreted as those of an outflow whose axis is inclined at some non-zero and non-right angle i to the line of sight (inclination angles are defined relative to the plane of the sky, so that i = 0
• for a face-on galaxy or a vector in the plane of the sky). In this case, the blueshifted side is due to the gas moving away from the quasar and somewhat toward the observer, whereas the redshifted gas is on the far side of the quasar and moving yet further away. However, alternative explanations for the blueshift / redshift patterns also need to be considered. For example, an inflow with i ′ = −i would produce the same maps of line-of-sight velocities on the sky. A rotating galaxy also has one redshifted and one blueshifted side.
In Table 1 we report the maximum difference in velocity between the redshifted and the blueshifted regions ∆v max . To this end, we exclude the spaxels with the 5% highest and the 5% lowest v med which could be affected by noise, and calculate the difference between the remaining highest and lowest v med values. The maximal projected velocity difference ranges between 90 and 520 km s −1 among the eleven radio-quiet quasars in our sample. If the projected velocity gradients are due to inflow/outflow, then the clear spatial separation of the redshifted and blueshifted sides argues that the axis of this motion is not too close to the line of sight. In this case, the observed radial velocities are only a small fraction of the actual physical velocities of the flow, reduced to the observed values by the projection effects. We further discuss outflow models and the resulting velocity differences in Section 4.
Regular velocity fields can also be produced by rotating gas disks, and we explore whether this scenario can explain our kinematic data. The maximal rotation speed of massive galactic disks typically does not exceed 300 km s −1 (de Blok et al. 2008; Reyes et al. 2011) . But a better model for our objects may be a gas disk embedded in a massive elliptical host (Zakamska et al. 2006) , which would explain the strong kpc-scale dust lanes, young stellar populations (Zakamska et al. 2006; Liu et al. 2009 ) and on-going star formation (Zakamska et al. 2008 ) that we observe in the host galaxies of obscured quasars. In this case the rotation speed can be estimated using an isothermal potential, with stellar velocity dispersion σ * 300 km s −1 Liu et al. 2009 ) and resulting maximal rotation speed v rot = √ 2σ * = 424 km s −1 . A face-on disk does not yield any differences in radial velocity, but an edge-on disk will appear elongated on the sky. Our objects have an ellipticity ǫ 0.23 except for SDSS J0321+0016 (ǫ = 0.42, Section 5). The inclination angle i of a round disk galaxy is related to the observed ellipticity via
where u is the thickness-to-diameter ratio of the galactic disk, and is generally less than 0.1 (Mihalas & Binney 1981) . We consider a configuration that produces maximal ∆v max while maintaining the ellipticity just below the observed maximum. We take ǫ = 0.23, u = 0.1 and the maximal rotational velocity of v rot = 424 km s −1 , and we find i = 40
• and ∆v max = 545 km s −1 . Thus, neither ∆v max nor v med measurements alone can exclude the possibility that we are observing a gas disk in a massive galaxy. The relationship between W 80 (measured from the SDSS fiber spectrum) and ∆v max for our quasar sample. Each data point represents an entire quasar. Also shown are the radio-quiet obscured quasars from Greene et al. (2011) and the high-redshift (z ∼ 2-3) radio galaxies from Nesvadba et al. (2008) ; in the latter cases, W 80 is taken to be 1.088×FWHM and is thus likely underestimated.
Velocity dispersion
We present the spatial distribution of W 80 in Figure 3 . In 9 out of 11 radio-quiet objects, the distribution of W 80 peaks at ∼700-1100 km s −1 or even at ∼2100 km s −1 in SDSS J0319−0019. Excluding the noisy sporadic spaxels, we find the maximum W 80 value to be 1000 km s −1 in every case, reaching ∼3000 km s −1 in SDSS J0319−0019.
In Figure 4 , we show the relationship between ∆v max and the linewidths W 80 measured from the SDSS fiber spectra -i.e., integrated over the entire nebulae. We find no correlation between these two quantities (the Kendall rank correlation coefficient τ = 0.01 with probability p = 0.96 that no correlation is present). As we discuss in Section 4, this result is not surprising in the outflow model, where W 80 reflects the typical bulk velocities of the gas, whereas the observed ∆v max is much more sensitive to projection and geometric orientation effects. The three radio objects we have in our comparison sample are situated at the low end of W 80 , but this happens to be due to low-counts statistics, and the trend for the radio-loud objects to have lower W 80 values is not borne out either by measurements in a larger sample at similar redshifts or by the three high-redshift radio galaxies from Nesvadba et al. (2008) .
The extremely high values of W 80 and their lack of correlation with ∆v max are very unusual for gas-rich disk galaxies, unless they show high-velocity gaseous outflows (Rupke & Veilleux 2013) . The central line-of-sight velocity dispersion of the ionized gas in stellar disks does not exceed 250 km s −1 (corresponding to W 80 = 640 km s −1 ) and falls off rapidly away from the center to 100 km s −1 (W 80 = 256 km s −1 , Vega Beltrán et al. 2001) . Even in the ultraluminous infrared galaxies at high redshift, which are massive mergers whose gas dynamics is expected to be most disturbed of all, the observed maximal width of [O iii] and Hα emission lines is W 80 ≃ 550 km s −1 (Harrison et al. 2012; Alaghband-Zadeh et al. 2012) . Similar argument applies if we consider a gas disk embedded in an elliptical galaxy, where we could expect a maximum of W 80 ≃ 580 km s −1 . Our measured values of W 80 are clearly higher than those observed in even the most massive and most disturbed disk galaxies.
We conclude that a rotating gas disk -whether in the most massive disk galaxy or in the most massive elliptical -would have a line profile that is much narrower than what we observe in our data. The potential of a galaxy, even of an extremely massive one, is simply insufficient to provide an equilibrium configuration for the high velocities seen in our sample. We will not consider rotating disk models further in this paper.
Spatial variations in velocity dispersion
In Figure 5 , we show values of W 80 in all spaxels along with their modal values as a function of projected distance from the center (brightness peak). The radial profiles of W 80 are almost flat at projected distances R 5 kpc and appear to decrease at larger radii, with the scatter increasing with R. The possible origin of the mild decline in W 80 is discussed in Section 4.5; here we focus on whether this observation is reliable.
The primary concern with the measured decline in W 80 is that it coincides with the decrease in the surface brightness of the line emission and thus with the decrease in the peak signal-to-noise ratio of the data. The same two-Gaussian line profile composed of a narrow core and a weak broad base would have a higher W 80 value in the regions of high signal-to-noise and lower W 80 in the regions of low signal-to-noise where the weak broad component can no longer be identified and the entire W 80 measurement is due to the narrow core.
To test the robustness of our detection of the W 80 decrease, we remeasure the radial profiles of W 80 at the same signal-to-noise (S /N) level. To this end, we degrade the observed line profiles to a specified S /N value by adding the appropriate amount of Gaussian random noise to the spectral line profile in each spaxel and repeat all kinematic measurements using these profiles. The resulting radial profiles of W 80 are shown in Figure 6 at different S /N levels. The profiles at higher S /N are cut off at smaller R: only data with S /N higher than 20 can be degraded down to S /N = 20. It is clear from this simulation that noise in the data does have the expected effect on the W 80 measurement: on average, the W 80 values measured at S /N = 20 are 20% higher than the values measured at S /N = 5. This is most likely due to the weak broad bases of emission lines that cannot be identified in low S /N data. However, the general trend of W 80 slowly declining with R is just as apparent in the constant S /N profiles as in the original ones.
Finally, using individual Gaussian components, we can investigate the spatial behavior of the broad and narrow components individually. Using two-component Gaussian fits we find median W 80 values of 480 and 1240 km s −1 for the narrow and broad components among our 11 radio-quiet objects. We find no major differences between their spatial distribution, other than the trend that the high-dispersion components are slightly more centrally concentrated, in agreement with our finding that the W 80 radial profile decreases outward. Otherwise, the spatial maps of the narrower and the broader Gaussian components of the line profiles appear round and featureless (the exception is SDSS J0321+0016 discussed in Section 5). This is in contrast to the findings in low-redshift ultraluminous galaxies with strong supernovae-driven outflows (Rupke & Veilleux 2013) . In these objects, the narrow components (W 80 =110-330 km s −1 even in these massive, merger-driven systems) are preferentially concentrated in disks which show the same orientation as the molecular gas as well as clear rotational signatures, while the broad components associated with outflows are preferentially oriented perpendicular to the disk as they escape from the galaxy along the path of least resistance. In our objects, using the maps of individual Gaussian components we do not see either the increased ellipticity or the differences in the spatial orientation associated with this phenomenon. Thus, it is unlikely that the narrow components in our data are associated with the rotation of the galaxy disk, and furthermore the host galaxies of obscured quasars at these high luminosities do not tend to be disk-dominated (Zakamska et al. 2006) .
Another interesting possibility is that the narrow component is due to a residual gas disk seen in numerical simulations of gasrich mergers with quasar feedback (Springel et al. 2005) , when the remnant galaxy has already taken its elliptical shape and when the quasar wind (broad component in this scenario) proceeds in quasispherical fashion. But in this case we would expect to find that the narrow component has a more compact spatial distribution than does the broad one, which is not observed. Thus it is most likely that none of the ionized gas we observe is in a disk-like component.
Line asymmetry and shape
In the right-hand columns of Figure 3 we show the maps of asymmetry parameter A and the shape parameter K. With the sole exception of SDSS J0210−1001, the asymmetry parameter A is uniformly negative in the bright central parts of all objects, indicating heavy blueshifted wings in the line profiles. This is the tell-tale signature of an outflow which may be proceeding in a symmetric fashion but whose redshifted part is obscured by the material in the host galaxy or near the nucleus (Whittle 1985) . The line shape parameter is at or above the Gaussian values in the vast majority of all spaxels in all objects, indicating that line profiles with wings heavier than Gaussian values are very common in our objects.
In the outer parts of the nebulae, where the peak S /N of even the brightest emission line [O iii] is just a few, typically only one Gaussian component is sufficient to fit the line profile, and therefore both the asymmetry and the shape parameter tend to be at the Gaussian values in the outer parts of the nebulae.
KINEMATIC MODELS AND IMPLICATIONS FOR OUR DATA
Since we have ruled out disk rotation and inflows as the origin of the kinematic signatures seen in our data, we proceed to models of outflows. The models are discussed in the order of increasing complexity and increasing number of observables that they are trying to reproduce. In Sections 4.1 to 4.3, we discuss IFU signatures of three simple outflow models: a spherically symmetric outflow; an outflow affected by extinction in the host galaxy; and a biconical outflow. We describe the similarities and the differences between the observed signatures and those predicted by these kinematic models in Section 4.4. In Section 4.5 we discuss possible origins of the W 80 (R) profiles.
Spherically symmetric outflow
If the outflow has a three-dimensional velocity profile v 0 (r) and luminosity density j(r) as a function of the three-dimensional radiusvector from the center of the outflow r, then the distribution of line profiles on the sky (our observable in the IFU data) can be calculated from the following equation: Here R is the two-dimensional radius-vector in the image plane (x, y), while z is the coordinate along the line of sight (Figure 7, left) . If the outflow is spherically symmetric (so that luminosity density is only a function of spherical radius r), then the radial velocity profiles in the plane of the sky are
For a constant velocity v 0 outflow, this further simplifies to
If we further make an assumption that the luminosity density is a power-law function of radius from the center of the outflow, j(r) ∝ r −α , we find that I(v z , R) is a separable function of v z and R:
This means that while the total intensity of the line varies across the image plane, the radial velocity profile remains exactly the same ( Figure 7, right) ; thus, in this model W 80 is the same across the image plane. This somewhat counter-intuitive property is due to the self-similar nature of the power-law luminosity density distributions. Indeed, in a spherically symmetric outflow, the emission line profile is entirely determined by projection effects: the v z ≈ 0 part of the line profile is contributed by the gas that is propagating close to the plane of the sky, whereas other parts of the profile are produced by streamlines inclined at varying angles to the line of sight. For power-law luminosity density distributions, the relative contributions of these points remain the same, even though as we consider lines of sight further away from the center the total brightness declines.
In a spherical outflow, the line profiles are symmetric everywhere and centered on v z = 0. Thus this model cannot describe either the line asymmetries or median velocity variations across the nebulae we observe. However, this model is useful for understanding how the range of physical velocities within the outflow relates (due to projection effects) to the observed velocity widths of the emission lines. The W 80 parameter can be calculated as a function of the physical velocity v 0 for the line profile (10) for different values of α. From surface brightness distributions presented in Paper I, we know that α ranges from 4.0 to 6.7, with a mean and dispersion of 4.8 ± 0.7 among the objects in our sample (α = η + 1 in the notation of Paper I, where η is the power-law slope of the surface brightness profile). For α = 4.5, the median value of W 80 within our radio-quiet sample (974 km s −1 ) corresponds to a physical velocity v 0 = 760 km s −1 ; the range of α introduces a 15% uncertainty in v 0 . Therefore, if the observed W 80 values correspond to the range of projected velocities in a bulk flow, the physical velocities of the gas must be very high.
The velocity profiles of constant velocity outflows (Figure 7 ) are wingless, with the K parameter significantly smaller than 1 (the Gaussian value). This occurs because along any line of sight the maximal range of velocities is limited to −v 0 to v 0 : the projected velocities cannot exceed the physical velocity of the gas. K remains < 1 for a wide range of plausible luminosity density profiles and for the case when the gas has intrinsic isotropic velocity dispersion. On the contrary, profiles with K > 1 are dominant in our data.
One possible solution to this discrepancy is an outflow with a velocity that is an increasing function of the distance from the center. For example, a linearly increasing velocity profile v = v 0 (r/r 0 ) (not too far off from the velocity profile of the outflow in SDSS J1356+1026, Greene et al. 2012 ) yields a line profile
which for any value of R has a symmetric profile with heavy wings and a K value of 1.41 (at α = 4.5), very similar to our observations ( Figure 7 ). However, in this model the W 80 values are expected to increase outward ∝ R, while no evidence for such increase is seen in our data. A more natural explanation for K > 1 values is that at every distance from the quasar the radial velocity of narrow-line clouds have a broad (and non-Gaussian) velocity distribution, and this local velocity distribution (rather than global outflow kinematics) is the origin of the line profile shapes seen in our sample. This hypothesis can be tested with modern numerical simulations of quasar feedback in which velocity distributions of high-density regions (the analogs of the narrow-line region clouds) can be directly measured (Novak et al. 2011 ). Qualitatively, they do indeed show a wide range of velocities at every distance, and the typical distribution appears fairly independent of distance, in agreement with our observations, but a quantitative measurement of the simulated clouds' velocity distribution is necessary to determine whether they would result in line shapes consistent with observations. Even in the case of complicated velocity distributions the median W 80 still reflects the median outflow velocity in quasi-spherical outflows.
Spherical outflow affected by galactic extinction
A spherically symmetric outflow shows symmetric line profiles and zero velocity difference across the field of view. In practice the host galaxy of the quasar often breaks this symmetry. If the host galaxy is gas-and dust-rich or if there is some circumnuclear material, then the receding part of the outflow is preferentially extincted. The exception is the case of the obscuring disk aligned with the line of sight (inclination angle i = 90
• ), in which again the outflow appears symmetric on the sky and we return to the spherical case. We see strong observational evidence that obscuration is occurring in our objects, since the asymmetry parameter A is uniformly negative (meaning that the line profiles show blueshifted asymmetry) in all our sources except one in the central brightest parts. In this section we discuss quantitative predictions of this model.
For intermediate inclination angles, we expect to see a change in median velocity across the nebula: the lower part of the outflow in Figure 8 , left, is expected to be more blueshifted than the upper part. The velocity difference ∆v max across the nebula depends both on the optical depth of the dust disk τ and on the inclination i. We show velocity differences and integrated line widths in Figure  8 , right, for a range of τ and i. In these models, we assume that the outflow has a constant velocity v 0 everywhere and that the optical depth τ is constant across the entire disk of the host galaxy (in practice it is likely that τ is highest in the center).
We find that the models populate a fairly wide range of ∆v max from 0 to v 0 , whereas the line widths W 80 stay within ∼ 30% of the spherically symmetric case. Most models predict ∆v max /W 80 0.5, and higher values of this ratio correspond to the most extreme case of host galaxy obscuration (Figure 8 ). This result is expected: the smaller the extinction, the closer the outflow is to a spherically symmetric case and the smaller is the apparent ∆v max value. The median observed value of ∆v max /W 80 among the eleven radio-quiet objects in our IFU sample is 0.13, and all but three have ∆v max /W 80 0.2. Comparison of the distribution of models in the ∆v max -W 80 plane with the range of observed values (Figure 4 ) suggests that outflows with v 0 ≈ 760 km s −1 and dusty disks with τ 1 can yield the observed values of line widths and velocity differences ∆v max . We note that the relationship between W 80 and ∆v max is purely a result of geometry, and W 80 will increase if the gas is intrinsically turbulent. 
Bi-conical outflow with no extinction
If the outflow is bi-conical, and if the axis of the bi-cones is inclined relative to the plane of the sky, then one cone is on average blueshifted while the other one is on average redshifted. Leaving aside the geometry of the super-bubbles (discussed further in Section 4.5), we now consider whether such a model can simultaneously explain the round morphology of the bright parts of the nebulae and the distribution of the nebulae in the ∆v max -W 80 plane (Figure 4 ). These models are more commonly used when the collimation of the outflow is obvious even in projection on the plane of the sky (e.g., examples in Crenshaw et al. 2000; Rupke & Veilleux 2013) , but the combination of a wide opening angle of the cone with beam smearing can result in round morphologies.
We consider a model of bi-conical outflow with three parameters: the outflow velocity v 0 , the inclination angle of the bi-cones' axis i (i = 0
• for an outflow in the plane of the sky) and halfopening angle θ (θ = 90
• for the spherically symmetric limit). Unlike the hollow-cone models of Crenshaw et al. (2000) where the walls of the cone dominate the emission, we are considering filled cones where the luminosity density scales as r −α . For θ 60
• and i 45 • (i.e., wide-angle outflow relatively close to the plane of the sky), the velocity difference across the nebula is 0.5v 0 , while W 80 is not too dissimilar from the spherical case (≃ 1.3v 0 ) since the opening angle of the outflow is not too far from spherical. Thus, the bi-conical models can qualitatively reproduce the positions of our nebulae on the ∆v max -W 80 plane as long as the opening angle of the bi-cones is wide enough that the approaching and receding bicones are not too widely separated in projection on the plane of the sky, thus making the nebula appear round rather than collimated.
Summary of basic outflow models
A spherically symmetric, constant velocity outflow with a powerlaw surface brightness distribution (Section 4.1) displays a round morphology and a constant line-of-sight velocity dispersion across the nebula. Both of these characteristics are seen in our data: the ellipticities of the nebulae around radio-quiet quasars are much smaller than those of nebulae around radio galaxies (Paper I) and the radial profiles of W 80 (R) are nearly constant. The most important result we can glean from this simple model is that it ties the observed line width to the physical velocity of the gas within the outflow since the latter is determined purely by projection of the outflow velocities onto the line of sight. The exact ratio of the two is slightly dependent on the slope of the surface brightness profile, but is typically W 80 ≃ 1.3v 0 .
A spherically symmetric outflow has zero mean velocity along the line of sight since the approaching and the receding gas contributes equally at every point on the sky. In the observed data we do see variations in radial velocity accross the nebulae, but they tend to be much smaller than the entire range of velocities as seen from the line widths. The observation of non-zero radial velocity differences across the nebulae suggests that we do need to consider non-spherical models, but the fact that ∆v max ≪ W 80 suggests that the deviations from the spherical symmetry are modest, that quasar outflows have large covering factors, and that the line-of-sight velocity distribution can be indeed used to estimate outflow velocities.
The distribution of objects in the ∆v max -W 80 plane can be reproduced equally well with spherical outflows whose redshifted side is obscured by a τ 1.0 layer of dust in the host galaxy or wide bi-conical outflows with cone opening angles 2θ 120 o . The model with extinction predicts that the redshifted parts of the line profile should be on average slightly fainter than the blueshifted ones, whereas in the bi-conical outflow model there is no such effect. One example where this prediction appears to be borne out by our observations is SDSS J1040+4745, where the peak of the [O iii] emission is offset by 1 kpc from the peak of the continuum emission in the direction of the radial velocity gradient, toward the blueshifted part. This object also has the highest blueshift asymme-try in the sample, suggesting a high value of extinction. In other objects we see no dependence of brightness on velocity, which would favor bi-conical models. On the other hand, the universally negative line asymmetries seen in the central parts of the nebulae favor models with extinction. Perhaps both slight collimation and extinction are taking place.
Where is this extinction taking place? The observed signatures that suggest partial obscuration are the differences of the radial velocity across the entire extent of the nebulae and the almost uniformly negative asymmetry parameter A over the central few kpc of the nebulae (at larger distances the S /N of our data may not be sufficient to determine deviations from line symmetry). Both these observables suggest that extinction is not confined to the circumnuclear region but rather operates on galaxy-wide scales. Dust embedded with a spherically symmetric outflow could produce the requisite line asymmetries, but not the patterns of radial velocities which suggest an inclined disk. As was discussed before, the host galaxies of obscured quasars tend to be ellipticals, but with unusually high presence of gas, dust and star formation (Zakamska et al. 2006 (Zakamska et al. , 2008 Liu et al. 2009 ). Perhaps obscured quasars tend to trace a particular stage in the evolution of elliptical galaxies right before they are cleared of residual gas. Therefore, despite their elliptical morphology, the host galaxies of obscured quasars may contain sufficient gas to provide the extinction required by our models.
The spherical model, the extincted spherical model, and the bi-cone model with gas moving at the same velocity v 0 produce line profiles that are stubbier than a Gaussian because all are lacking high-velocity gas. The almost constant radial profiles of W 80 (R) suggest that the physical velocities of the outflow are not strongly dependent on the distance from the quasar. Thus, a range of cloud velocities at every distance from the quasar (but with similar velocity distributions at different distances) may be required to explain the line profile shape in all these models. For example, an outflow with two velocity components, one at v 0 = 375 km s −1 and the other one at v 0 = 970 km s −1 would reproduce the median parameters of the two-Gaussian fits to the emission lines among the radio-quiet sample, and the combined narrow core + broad wing profile would have K > 1.
We note that discussed in this paper are purely geometrical models assuming that the bulk velocities are the dominant component. These models are highly simplified on the details of gas dynamics, neglecting gas instabilities, fragmentation process, turbulence created by the outflow as it expands into the ambient gas and other complications.
Declining velocity dispersion profiles
In Section 3.3 we find that the W 80 parameter is almost constant across the nebulae in most cases, perhaps declining slightly toward the outer parts. We thus confirm the previous results based on longslit observations which indicated flat σ gas (R) profiles (Greene et al. 2011; Hainline et al. 2013 ). For objects whose morphology is close to round and whose velocity variations across the nebulae are significantly smaller than the line widths, the most natural explanation for the flat W 80 profiles is a spherical or quasi-spherical outflow with essentially constant velocity. We accept this as the "0th order model" for our kinematic data and now discuss the possible origins of the mild decline of W 80 with distance from the center. Most of the discussion is focused on the central parts of the nebulae where the median decline is 3% per kpc, and toward the end of this subsection we discuss the rapidly decreasing W 80 of the super-bubble candidates.
If emission-line clouds are all thrown out from the central region of the galaxy at the same time, but with different radial velocities, then at some later time t the objects with velocities v end up at distances r = vt. Thus in the snapshot of this outflow taken at time t the velocities are linearly increasing as a function of distance, even though no outflow acceleration is taking place. In Section 4.1 we demonstrate that such outflow has a W 80 profile that is linearly increasing with the projected distance R, and thus this model (analogous to the Hubble flow) is ruled out by the data. We thus conclude that the observed outflow did not originate as a quasi-instantaneous explosion but rather was established over an extended period comparable to its life time τ = 14 kpc / 760 km s −1 = 1.8 × 10 7 years. There are at least four different mechanisms capable of establishing an apparently declining W 80 (R). One is that of episodic explosions. The first explosion of quasar feedback sends out a shock wave through the interstellar medium of the galaxy and clears out some of it (Novak et al. 2011) . The terminal velocity of this flow is determined by the amount of energy injected and the amount of resistance from the medium that needs to be cleared away. But in any subsequent episodes the resistance is smaller and smaller, and thus one might conclude that the terminal velocity becomes higher and higher. This is an attractive possibility, best explored using numerical simulations. A quantitative understanding of this process will shed light on the amount of interstellar medium remaining in the galaxy at the time of our observations and will help us understand the stages of quasar feedback.
The second possibility is that once the clouds are accelerated somewhere close to the quasar, they proceed ballistically and thus they slow down as they climb out of the potential well of the host galaxy Φ(r). If the potential is that of an isothermal sphere with a core, characterized by the circular velocity at infinity v circ and core radius r 0 , then the radial velocity of ballistic clouds is 
Taking v r (r 0 ) = 760 km s −1 , r 0 = 1 kpc, and v circ = 300 km s −1 , typical for massive galaxies, we find that at 10 kpc the clouds slow down to v r (10 kpc) = 230 km s −1 . This would produce a decline in W 80 that is significantly stronger than observed. So either the potential wells of the galaxies in question are not as steep as this calculation suggests, or (as is more likely) the clouds are continually pushed by the low-density unseen volume-filling component of the wind.
The third possibility is that in the central parts of the nebulae the clouds are moving with large turbulent motions, but once they are thrown out of the galaxies their motion becomes purely radial. If the clouds in the center have an isotropic velocity dispersion and they conserve their radial component v r on the way out, then the observed line-of-sight velocity dispersions are related via σ ,bulk = σ ,turbulent / √ α, where α ≃ 4.5 is the index of the emissivity profile ( j(r) ∝ r −α ). This simple calculation corresponds to the limiting case of an outflow that transitions from isotropically turbulent to purely radial and results in a more rapid decline in W 80 than what is observed (median among our objects is 30% over 10 kpc). Milder changes in the degree of radial anisotropy would produce milder changes in W 80 . Thus the observed W 80 (R) profiles may be due to the velocity dispersion of the clouds becoming more radially anisotropic at larger distances from the quasar. These scenarios and the origin of the more isotropic (turbulent) motions of clouds in the central parts are best probed by the numerical simulations.
The fourth possibility is that in the central parts the wind expands in all directions from the quasar, whereas at larger distances the opening angle of the outflow is decreased, perhaps because there are low-density regions along which the wind prefers to propagate. This may occur for example in a galaxy with a flattened gaseous atmosphere or a thick gaseous disk. The wind starts expanding in all directions, but when its size reaches the typical scaleheight of the galactic disk, the directions perpendicular to the disk become much less obstructed by the interstellar medium, and the wind breaks out in these directions (Faucher-Giguère & Quataert 2012) producing the "bubbles" discussed in Section 5. Numerical simulations show that this phenomenon is expected both for jet-driven winds (Sutherland & Bicknell 2007) and for supernovaedriven winds ) breaking out of a thin galaxy disk. Because the opening angle of the outflow is reduced once it becomes confined into the preferred directions along the path of least resistance, the range of projected velocities is reduced as well. Thus we would expect to see a smaller range of velocities in the confined parts than in the isotropically expanding parts.
Quantitatively, if the outflow has a constant velocity v 0 , the axis of the break-out cone is in the plane of the sky and the halfangle of the cone is θ, then the line-of-sight velocity dispersion observed within the cone is
Assuming a power-law luminosity density j(r) ∝ r −α (α ≈ 4.5), we can use this equation to calculate how much the observed line width changes when we switch from a spherically symmetric (θ = 90
• ) outflow to a narrower conical one. For example, to reduce the observed W 80 from ∼ 1000 km s −1 to ∼ 300 km s −1 would require a collimation within 2θ ≈ 30
• . Thus, a rapid decline of W 80 accompanied by an apparent narrowing of the outflow is likely due to the fact that the outflow becomes more directional or more collimated within these structures. We present possible examples of this model in Section 5.
EXTENDED MORPHOLOGY: ILLUMINATED COMPANIONS VS. SUPER-BUBBLES
The dominant morphology of the [O iii] nebulae in our radio-quiet sample is smooth and round, in contrast to the clumpy and irregular morphology of the three radio-intermediate and radio-loud objects that we observed as a comparison sample and of low-redshift radio quasars studied by Fu & Stockton (2009) . One exception is SDSS J0210−1001, in which we detect a surface brightness peak in [O iii] about 1.5 ′′ (10 kpc) away from the central source which was also seen in our previous long-slit observations of this object ). The [O iii] emission line in this region shows two peaks, one due to the main nebula and one due to the presumed companion, with the line-of-sight velocity relative to the main nebula of about 300 km s −1 and a velocity dispersion of ∼ 70 km s −1 . The fact that this feature shows a separate surface brightness peak, its compact extent (and in particular the fact that it does not extend beyond the reaches of the main nebula) and its low velocity dispersion all suggest that it is a small gas-rich companion galaxy illuminated by the quasar, although no continuum emission from this clump is detected.
A different type of extended morphological and kinematic features are present in SDSS J0319−0019 (Figure 9, top) . In most objects, the surface brightness of [O iii] emission is a steeply declining function of distance (I ∝ R −3.5 or so). Thus, the extent and shape of the nebulae are largely insensitive to the exact surface brightness level at which we cut off our maps (Figure 10) . In this source, however, there is weak, very extended emission with typical peak S /N of the [O iii] emission of 1.5 (although the significance of detection is much higher since many correlated spectral pixels are used in profile fitting). The low surface brightness emission in this source has a symmetric X-shaped morphology. We hypothesize that the quasar wind in this source broke out of the high density interstellar medium and is now expanding into the intergalactic medium largely perpendicularly to the main plane of the galaxy, in "superbubbles" that extend at least out to 15 kpc from the central quasar on either side. Such features (albeit with more modest extents) are seen in local starburst galaxies (e.g., NGC 3079, Veilleux et al. 1994 ) and have been proposed as the typical expected morphology of quasar-driven winds (Faucher-Giguère & Quataert 2012). The symmetry of the features relative to the main source and the Xshape suggestive of limb brightening of the gas that is expanding sideways and plowing into intergalactic medium argue against the origin of this gas in a companion galaxy of the kind we likely see in SDSS J0210−1001.
Even in the high-quality IFU observations presented here it may be difficult to distinguish ionized dwarf companion galaxies and super-bubbles. Both types of features may show median velocity that is significantly distinct from the main source -in the former case, due to the orbital velocity of the companion and in the latter case, due to the bulk velocity of the flow in the bubbles. Both types of features may show relatively low velocity dispersion -in the former case, due to the weak gravity of the companion galaxy and in the latter case because most of the emission may be coming out not from the bulk of the bubbles but rather from the high-density material accumulated in walls of the bubbles. We previously found a quasar-driven super-bubble candidate SDSS J1356+1026 via longslit observations (Greene et al. 2012) which is limb-brightened as well and in which each kinematic component has a velocity dispersion of about 100 km s −1 . The discriminating observable is whether there is stellar continuum emission associated with the line emission in the extended feature -we do not expect to see any in the bubbles (nor do we in the case of SDSS J1356+1026, Greene et al. 2012 ), but we do expect to see it in an illuminated companion galaxy. Unfortunately, our data are not very sensitive to the continuum, and thus the nondetection of the continuum in the extended components is not constraining. This issue can be resolved with HST observations sensitive to stellar light continuum.
To expand our search for super-bubble candidates, we now focus on the very low surface brightness emission and look for signs of elongated extended structures around our quasars (Figure 10 ). In addition to SDSS J1356+1026 presented by Greene et al. (2012) we identify the following quasar-driven super-bubble candidates detectable on projected scales 10-15 kpc from the quasar:
• SDSS J0319−0019 (Figure 9 ): strong candidate with Xshaped extended emission symmetric around the center. The maximal velocity difference between the opposing sides is ∼200 km s −1 and the typical line width in the emission associated with bubbles is W 80 ∼ 200 km s −1 . In addition to hosting a luminous obscured quasar, this object shows a classical post-starburst (Astar dominated) spectrum (Liu et al. 2013 ).
• SDSS J0321+0016 (Figure 3 ): strong candidate with two extended regions on the opposite sides of the nucleus. The maximal velocity difference between the opposing sides is ∼600 km s −1 and the typical line width in the extended regions is W 80 ∼ 200 km s −1 . The half-light size of the continuum-emitting region (4.3 kpc) is smaller than the half-light size of the narrowline region (5.2 kpc, Liu et al. 2013) . While this is not a proof that the very extended regions are continuum-free (because of the low sensitivity of our data to continuum emission, there could be continuum light there that we cannot detect), it is an indication that the line-to-continuum ratio increases from the center to the outer parts. There is no evidence that the extended regions are limb-brightened, so we may be seeing the bulk flow within the bubbles in this object.
• SDSS J0842+3625 (Figure 3 ): moderate candidate with symmetric regions extended along the main illumination axis of the quasar as determined by ground-based polarimetric observations (Zakamska et al. 2005; Liu et al. 2013) ; this geometry is similar to that seen in SDSS J1356+1026 (Greene et al. 2012) . In this object the region of higher W 80 is elongated and oriented nearly perpendicular to the illumination / elongation axis which has lower W 80 .
• SDSS J1039+4512 (Figure 9 , bottom row): moderate candidate in which one-sided extended region with low W 80 is revealed in low S /N maps. The counter-feature may also be detected with a much smaller extent.
• SDSS J0210−1001: unlikely candidate in which the extended region of distinct kinematics is more likely associated with a quasar-illuminated companion galaxy. We include this object on the list because there is a slight hint of a counter-feature in the surface-brightness maps (Fig. 10) . The depth of our data are not sufficient to examine this further.
The four strong / moderate candidates demonstrate (i) high ellipticity of outer surface brightness contours; (ii) extended features located opposite one another relative to the nucleus (or in the case of SDSS J1039+4512, a hint of a counter-feature); (iii) smaller W 80 in the outer parts consistent with the limited range of angles of propagation, as discussed in Section 4.5. For example, in SDSS J0321+0016 the line-of-sight velocity dispersion drops by a factor of 3-3.5 in the extended super-bubbles compared to the central parts. Using equation (13), we find the full opening angle of the cone of 2θ ≈ 30
• , consistent with the observed morphology of this source. The X-shape of the other strong super-bubble candidate SDSS J0319−0019 suggests that in this case we are likely seeing the walls rather than the bulk of the conical outflow, and thus the approximation used in equation (13) is not applicable.
In addition to these major extended features, we detect a number of weaker emission-line blobs (Fig. 10) . For example, in SDSS J0759+1339 we find a compact companion at a distance of 3.6 ′′ (25 kpc) from the quasar. It is an emission-line object at the redshift of the quasar, with a relative line-of-sight velocity of 250 km s −1 and an apparent velocity dispersion of 80 km s −1 (i.e., marginally resolved at our spectral resolution). Similarly, in SDSS J0319−0058 we find an emission line object 3
′′ ( and an apparent velocity dispersion of 53 km s −1 (unresolved at our spectral resolution). Another fainter emission line object (2.2 ′′ , or 15 kpc, below the quasar in the Figure) has a relative line-ofsight velocity of −130 km s −1 and an apparent velocity dispersion of 70 km s −1 (marginally resolved at our spectral resolution). This source was also identified by Liu et al. (2009) in long-slit observations with a relative line-of-sight velocity of −198 km s −1 . The difference in the two reported values of line-of-sight velocity of ∼ 60 km s −1 is due to the difference in the assumed redshift for the main quasar and is part of the uncertainty in the host galaxy redshift discussed in Section 2.3. We assume that these emission-line sources are emission-line companion galaxies to the quasar host galaxy that happen to be within the small field of view of the IFU observations. In this case they are likely unrelated to quasar activity and quasar winds, although in some cases they may be photo-ionized by the quasar producing a high [O iii]/Hβ ratio ).
The morphologies and kinematics of radio-loud objects in our sample are noticeably more complex; this situation is similar to that in the sample of radio-quasars studied by (Fu & Stockton 2009 ). It appears that in these sources, the rotation of the host galaxy, the outflow due to the jet, companion galaxies and illuminated tidal debris all contribute to the observed diversity of features.
ENERGETICS OF THE WIND
Standard "Case B" estimate
A big difficulty in estimating the energy rate of the wind is presented by its multi-phase nature, which likely consists of a lowdensity, high-temperature outflow with clouds of varying densities embedded in it (Zubovas & King 2012) . It is likely that only a fraction of the mass of these clouds is in the warm ionized phase that we detect using optical emission lines. For example, Rupke & Veilleux (2013) directly observe a higher mass in the neutral gas phase than in the ionized gas phase in the outflows from star-bursting ultraluminous infrared galaxies, although, granted, in these systems one may expect milder ionization conditions than in luminous quasars we present here. The lowest limit on the mass and energy of the wind can be obtained just by counting photons emitted by recombining hydrogen atoms. Under the "Case B" assumption and adopting an intrinsic line ratio of Hα/Hβ = 2.9 following Nesvadba et al. (2011) and Osterbrock & Ferland (2006) , the total mass of the observed ionized gas can be expressed as M gas 2.82 × 10 9 M ⊙ = L Hβ 10 43 erg s −1 n e 100 cm −3 .
The Nesvadba et al. (2008) find extinction A V =1-4 mag in high redshift radio galaxies, and taking into account the dust extinction can roughly scale up this estimate by an order of magnitude. Hence, the standard calculation using Balmer lines yields a total kinetic energy of outflowing ionized gas of 10 58-59 erg.
Kinetic energy and mass flow
We have additional information on our winds which allows us to improve on this calculation. The narrow-line-emitting gas is likely in the form of relatively dense clouds embedded in hot, low density, volume-filling wind. If the clouds are dense and big enough, they remain largely optically thick to the ionizing quasar radiation. Only a thin shell on the surface of these so-called ionization-bounded clouds would produce emission lines. As the clouds move out with the wind, the ambient pressure declines, the clouds expand and they become optically thin to ionizing radiation (i.e., they enter "matterbounded" regime). Both the size-luminosity relationship we see in quasar nebulae (
) and the [O iii]/Hβ ratios strongly declining in the outer parts of the nebulae indicate that we have likely detected this transition which occurs at the mean distance of D = 7.0±1.8 kpc among the objects in our sample (Liu et al. 2013) .
We now estimate the rate of kinetic energy flow at distance D from the quasar. To this end, we use the clouds that are transitioning from the ionization-bounded to the matter-bounded regime and are thus in the "sweet spot" for such calculation. On the one hand, these clouds are fully ionized and therefore we are not missing any neutral mass in this estimate. On the other hand, the number of ionizing photons in these clouds is balanced by the number of recombinations and therefore these clouds do not become over-ionized to higher ionization states and temperatures than would be observable with our data (Liu et al. 2013) .
Let ξ be the number density of such clouds per unit volume at distance D, m c their mass and v c their velocity. Then the kinetic energy flow due to these clouds through the spherical shell of radius D from the quasar iṡ
Both ξ and m c are at the moment very poorly known, but fortunately their product is directly related to the amount of luminosity density in recombination photons that these clouds produce:
Here R Hβ ≈ 1.6 × 10 −14 cm 3 s −1 is the emissivity coefficient of Hβ at temperature 20,000 K (Osterbrock & Ferland 2006) , hν Hβ is the energy of each photon, n e and n H are electron density and hydrogen density related via n e ≈ 1.2n H for the mix of ionized hydrogen and helium, ρ c = n H m proton /X is the mass density of the clouds and X = 0.7 is the hydrogen fraction by mass.
At the same time, j Hβ can be strongly constrained from our observations. Within the matter-bounded region, the emission line surface brightness of our nebulae falls off as I Hβ (R) ∝ R −ζ with ζ = 3.5 ± 1.0 among the objects in our sample (Liu et al. 2013) . Assuming a spherically symmetric nebula and using Abel transform, we find
where the numerical coefficient 
The electron density inside the clouds is not well-known. In the brightest parts of the narrow-line region n e is usually assumed to be a few hundred cm −3 from diagnostic line ratios, but no good measurements are available in the outer parts of the nebulae. If the clouds are confined by the wind whose pressure declines ∝ r −2 (as required by the nearly constant [O iii]/Hβ ratios seen over a large range of distances), then we expect the density inside the clouds to decline ∝ r −2 as well because the temperature established in photo-ionization balance is roughly constant (Liu et al. 2013) . Thus if n e ≈ 100 cm −3 at 1 kpc from the quasar, we expect it to fall to at most a few cm −3 at the transition distance D = 7 kpc. Taking the upper limit on n e to be 10 cm −3 following Rupke & Veilleux (2013), we find a lower limit on kinetic energy: 
Since this filling factor is constrained to be 1, the minimal n e of the clouds at the transition distance (corresponding to clouds filling up all the volume) is 1.2 cm −3 , giving the maximal kinetic energy of 3.7 × 10 45 erg s −1 . This is an impressively high amount of kinetic energy flux in just the ionized clouds alone. To re-iterate, in deriving this estimate we only take into account the matter that is directly observed via its hydrogen recombination lines. Neither the highest density neutral or molecular phase, nor the lowest density volume-filling phase are included in this calculation. We use two observables from Paper I: the distance from the quasar at which the clouds transition from ionization-bounded to matter-bounded, and the surface brightness of the Hβ line at this distance. Both of these values have very small spread among the objects in our sample, perhaps because our targets were originally selected to be within a narrow range of [O iii] luminosity. Our third observable -the velocity of the outflow -is the result of measurements in this paper.
The mass outflow rate in the observed ionized gas isṀ = 2Ė kin /v 
Furthermore, if the lower limit to the electron density is again given by the constraint on the volume filling factor of the ionized gas and is equal to n e = 1.2 cm −3 , then we get an upper limit on mass flux ofṀ = 1.9 × 10 4 M ⊙ yr −1 . Thus if the feedback episode lasts for 10 6-7 years with the same intensity as observed at the current epoch, the wind is capable of eliminating 2 × 10 9-10 M ⊙ worth of gas from the galaxy at the rate given by equation (22) and an order of magnitude more if the density n e is closer to its lower limit. If the clouds originated close to the center of the host galaxy, then the time required for them to travel out to the median extent of the nebulae of 14 ± 4 kpc at 760 km s −1 is 1.8 × 10 7 years; this sets the minimal duration of the activity episode. This is a sufficient time to eliminate much of the gas available for star formation even in a massive, gas-rich galaxy at the rate given by equation (22). We discuss the application of equations (20) and (22) to individual objects in the next subsection.
Powering the outflow
What can power an outflow of such large kinetic energies? Although star-bursting and star-forming galaxies can produce spectacular galaxy-wide outflows, this is likely an insufficient source of energy in our objects. Indeed (repeating the arguments we presented in Greene et al. 2012) , for every solar mass of stars formed the stellar winds and supernovae can yield at most 7 × 10 41 erg s
worth of kinetic energy of the outflow (Leitherer & Heckman 1995; Veilleux et al. 2005) . Thus in order to produce outflow energies in the range 4 × 10 44-45 erg s −1 , we need infrared luminosities due to star formation L FIR > 10 46 erg s −1 . Although we do not know the star formation rates in the objects in our IFU sample, the median star-formation luminosity of the host galaxies of luminous obscured quasars is 2 × 10 45 erg s −1 (Zakamska et al. 2008 ) which would be inadequate for producing the observed outflows by at least an order of magnitude.
A more directly observable way to compare outflows from star-forming galaxies and quasars appears to be outflow velocity. Although without a mass measurement the velocities do not directly translate into outflow kinetic energy, they are easily measurable and appear to be significantly different in our quasars compared to even the most extreme star-forming objects. Rupke et al. (2005) and Rupke & Veilleux (2013) conducted a study of outflows from ultraluminous infrared galaxies and concluded that typical spatially averaged maximal outflow velocities in starburst-powered sources are v 02 ∼ −500 km s −1 , whereas the quasar-dominated objects in their sample tended to show much higher values -a median of v 02 ∼ −1000 km s −1 in the ionized gas outflow from the three quasars presented by Rupke & Veilleux 2013 . We find an excellent agreement between this value and the one derived from our sample, in which the sample median and dispersion is v 02 ∼ −950 ± 370 km s −1 . The maximal values v 02,max are also more extreme in quasar-driven outflows than they are in starburstdriven ones, by about 500 km s −1 on average in Rupke & Veilleux (2013) . These values reach −2400 km s −1 in our sample and −3350 km s −1 in quasars in their sample, although there is always a chance that beam smearing in our much more distant objects biases this value low.
We therefore assume that the observed outflows are powered by the quasar activity and set out to determine the fraction of the bolometric luminosity that is converted into the kinetic energy of the ionized gas. For this calculation we use ten objects -all our radio-quiet quasars except SDSS J0319−0019 in which the transition from the ionization-bounded to the matter-bounded regime was not detected in Paper I. Determining the bolometric luminosity of obscured quasars is not a straightforward enterprise since they are obscured at X-ray, optical and even mid-infrared frequencies (Zakamska et al. 2008; Jia et al. 2012) . Narrow emission lines themselves can be used as a tracer of the bolometric activity, but line luminosity vs bolometric luminosity correlations have a large scatter (σ ∼ 0.5 dex). The best data available to us at the moment for the determination of the bolometric luminosity is from the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) which provides all-sky catalogs at 3.4, 4.6, 12 and 22µm. All the sources in this paper are detected by WISE which allows us to calculate K-corrected monochromatic luminosities νL ν at rest-frame 5 and 12µm. These values are shown in Figure 11a together with spectral energy distributions of unobscured quasars (Richards et al. 2006) .
The simplest approach is to apply the standard photometric corrections derived from unobscured quasars (e.g., a factor of 9 at 12µm, Richards et al. 2006) . However, the spectral energy distributions of obscured quasars are strikingly redder than those of unobscured ones, indicating obscuration even at mid-infrared wavelengths (Zakamska et al. 2008) . Therefore, such a basic photometric correction would likely result in an underestimate of the bolometric luminosity, since WISE data clearly do not probe the peak of the spectral energy distributions of our sources. Another approach is to extrapolate the spectral energy distribution of our sources to 30µm using the observed slopes, hope that the emission at that wavelength is not significantly affected by absorption, and again use the bolometric correction derived from unobscured quasars (factor of 13 at this wavelength, Richards et al. 2006) . We use both approaches to bracket our estimate of the bolometric luminosity which is now contained to ∼ 0.7 dex intervals (Figure 11b ) but is Figure 11 . Left: monochromatic luminosities of 10 obscured quasars (black) at 5 and 12 µm in the rest-frame connected using a power-law fit to the spectral energy distribution. Also shown are composite spectra of unobscured quasars from Richards et al. (2006) (bright, reddened and faint quasars from top to bottom). Right: the relationship between bolometric luminosities of the quasars and the kinetic energies of their outflows as measured from the IFU data. Black points show bolometric luminosities computed using νL ν,12µm with a bolometric correction of 9 from Richards et al. (2006) and kinetic luminosities computed from the W 80 of the entire line profile fit. The blue rectangles show the range of values we obtain when we correct for obscuration and / or allow for a two-component outflow. Slanted dashed lines show different values of the fraction of the bolometric luminosity converted to the kinetic energy of the outflow.
still rather uncertain. The black points in Figure 11b derived from the νL ν,12 µm data provide strict lower limits on the bolometric luminosities.
As for the kinetic energy of the outflow, all values which enter equation (20) are tabulated in Paper I and repeated in Table 2 , with the exception of v c which we take to be W 80 /1.3 with W 80 from Table 1 . Splitting the wind into a slow component and a fast one as discussed in Section 4.4 results in a small change in the kinetic energy estimate.
Taking just the black points in Figure 11 -b, we find that there may be a weak positive correlation between the kinetic energy of the ionized gas outflow and the estimated bolometric luminosity, but it is not yet established with reasonable statistical confidence. The probability of the null hypothesis (uncorrelated datasets) as measured by the Spearman rank correlation test is about 4%. The fraction of the bolometric luminosity converted to the kinetic energy of the ionized gas is between 0.3% and 10% in all cases, with the median of 2.3%. These rates of conversion of bolometric luminosity to kinetic energy of the outflow are not dissimilar from those found by Harrison et al. (2012) , although in their paper the kinetic energy estimate has a much higher uncertainty.
CONCLUSIONS
In this paper, we present kinematic measurements of the warm (∼ 10 4 K) ionized gas surrounding eleven luminous obscured quasars obtained using Gemini-GMOS IFU observations. Our key observational findings are as follows:
• The radial velocity differences of the emission-line gas across the nebulae are modest, ranging between 90 and 520 km s −1 for the objects in our sample.
• The range of velocities comprising 80% of the total line power (W 80 ; a measure that for a Gaussian profile is very similar to FWHM) is between 500 and 1800 km s −1 for the spatially integrated emission from our sources, with some parts of some objects displaying W 80 up to 3000 km s −1 . The high values of the line-of-sight velocity dispersion rule out the possibility that the gas clouds are gravitationally bound to the host galaxy or are in an equilibrium configuration in a galactic disk.
• The combination of modest velocity differences and high velocity dispersions, as well as nearly flat profiles W 80 (R) lead us to propose a model of quasi-spherical outflows with a median velocity of 760 km s −1 among the objects in our sample which qualitatively explains our kinematic data. Escape velocities from galaxies are poorly known, but in the massive galaxies characteristic of our sample the gas needs to move at 500-1000 km s −1 to reach 100 kpc (Greene et al. 2011) ; the inferred outflow velocities are comparable to these values.
• A spherically symmetric outflow would show a zero velocity gradient on the sky and a line-of-sight velocity dispersion closely tied to the outflow velocity. Partial reddening of parts of the outflow due to dust within the host galaxy or a slight collimation of the wind into a wide-angle bi-conical configuration is able to simultaneously explain the relatively small velocity differences ∆v max seen in our data and the high velocity dispersions.
• Line profiles are highly non-Gaussian, typically displaying a relatively narrow core and a broad base. This likely reflects the range of cloud velocities at every volume element of the outflow. In the central parts of the nebulae, all objects except one show line profiles with excess blueshifted gas, a classical characteristic of an outflow whose far (redshifted) side is partially extincted by the host galaxy.
• The emission line widths W 80 are nearly constant as a function of projected radius from the center, with indications of a slow decline at large distances. This may be due to the cloud ve- Notes.
- ( locities becoming less random and more radial in the outer parts of the nebula.
• In Section 5, we present four new candidates for quasardriven "super-bubbles", which are in addition to the candidate we presented in an earlier paper (SDSS J1355+1026; Greene et al. 2012 ). In such objects, the quasar-driven wind breaks out of the high-density host galaxy and expands into the lower-density inter-galactic medium, preferentially in the direction perpendicular to the disk of the host galaxy or the disk of circumnuclear material. The sharp decline in the observed line width within the bubbles compared to the central parts of these objects is roughly consistent with a purely geometric model in which the outflow switches from a spherically symmetric to a conical one.
• Ionized gas nebulae around radio-quiet obscured quasars are rounder and better kinematically organized than those around radio-loud objects which tend to be elongated, lumpy and with multiple kinematic components.
We previously demonstrated (Paper I; Liu et al. 2013 ) that the ionized gas extends to large (> 10 kpc) distances from the active nucleus and that the emission line nebulae around radio-quiet quasars are significantly rounder and less structured than those around radio-loud quasars. These observations indicate that large amounts of gas are present throughout the host galaxy of radioquiet quasars with large covering factors. In combination with the kinematic data presented in this paper, we find strong evidence that the ionized gas is in fact embedded in a high-velocity wind (∼ 760 km s −1 , our median value from the spherical model) which engulfs the entire galaxy and has a wide opening angle.
Furthermore, in Paper I we showed that ionized gas clouds are likely to be present beyond the visible nebulae, but having followed the declining pressure of the wind they are at low densities and are thus not visible in the optical transitions we can study with our data. We observed a strong decline in the [O iii]/Hβ ratio beyond about 7 kpc from the quasar and interpreted this observation as the transition of the clouds from the ionization-bounded to matter-bounded regime. This interpretation is further supported by ).
In this paper, using kinematic information in combination with the measurements of the transition distance and the surface brightness of the nebulae at this distance we robustly determine lower and upper bounds on the kinetic energy carried by ionized gas clouds to be from 4.1 × 10 44 to 3.4 × 10 45 erg s −1 . Both these values scale as (v/760 km s −1 ) 3 with the velocity of the outflow, but otherwise are fairly insensitive to the largely unknown physical conditions in the nebulae and are determined largely based on the previous observations at the transition regime. Furthermore, the transition distances and especially the surface brightness values at the transition distance that underlie the energy calculation have very small variations among the objects in our sample. The corresponding mass outflow rates are between 2.2×10 3 and 1.9×10 4 M ⊙ yr −1 and scale as (v/760 km s −1 ). The life-time of the episode of quasar wind activity may be estimated at ∼1.8×10 7 years as the travel time of clouds to reach the observed distances from the center. Our derived values of outflow velocities and mass outflow rates are not dissimilar from those predicted by models of feedback necessary to regulate the black hole / galaxy correlations (King 2010; Zubovas & King 2012) .
Bolometric luminosity measurements in obscured quasars are rather uncertain. Using various methods, we estimate that within our sample the median conversion factor from bolometric luminosity to kinetic energy of ionized gas is 2.3%; there could be additional outflow components whose energy is not captured by our calculations. These large values of kinetic energy flux and mass flux, combined with outflow velocities similar to or exceeding the escape speed from the host galaxy, suggest that winds observed in obscured (type 2) quasars can be the long-sought signature of powerful and ubiquitous quasar feedback. At these energies and mass outflow rates, the winds are bound to make a strong impact on the formation of massive galaxies.
